








































Intraday patterns in FX returns and order flow
Francis Breedon and Angelo RanaldoThe views expressed in this paper are those of the author(s) and do not necessarily represent those of the 
Swiss National Bank. Working Papers describe research in progress. Their aim is to elicit comments and to 
further debate.
Copyright ©
The Swiss National Bank (SNB) respects all third-party rights, in particular rights relating to works protected
by copyright (information or data, wordings and depictions, to the extent that these are of an individual
character).
SNB publications containing a reference to a copyright (© Swiss National Bank/SNB, Zurich/year, or similar) 
may, under copyright law, only be used (reproduced, used via the internet, etc.) for non-commercial purposes 
and provided that the source is mentioned. Their use for commercial purposes is only permitted with the 
prior express consent of the SNB.
General information and data published without reference to a copyright may be used without mentioning 
the source.
To the extent that the information and data clearly derive from outside sources, the users of such information 
and data are obliged to respect any existing copyrights and to obtain the right of use from the relevant 
outside source themselves.
Limitation of liability
The SNB accepts no responsibility for any information it provides. Under no circumstances will it accept any 
liability for losses or damage which may result from the use of such information. This limitation of liability 
applies, in particular, to the topicality, accuracy, validity and availability of the information.
ISSN 1660-7716 (printed version)
ISSN 1660-7724 (online version)





























































these  papers  find  very  similar  time‐of‐day  patterns  in  FX  returns  whereby  local  currencies  tend  to 
depreciate during their own trading hours and appreciate outside them. 
Cornett et al (1995) studies hourly data for US trading hours of FX futures from the IMM market for the 
























more  detailed  data  from  a  single  market  maker  as  well  as capital  flow  data  from  the US  Treasury 
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the  trading  day  –  with  volatility  usually  concentrated  in  the  morning  sessions  of  each  of  the 
currencies in a given pair. It is also the case that simple tests may be biased in the presence of 
autocorrelation of returns. To help adjust for these effects we estimate a time of day returns model 
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EUR/USD   EUR session  ‐0.084** ‐0.095** 0.44** 0.06 
USD session  0.100** 0.111** 0.53* 0.07 
USD/JPY   JPY session  0.017** 0.029* 0.51 ‐0.13 
USD session  0.000 0.018 0.50 ‐0.05 
EUR/JPY   EUR session  0.029** 0.041* 0.52 ‐0.05 
JPY session  ‐0.057** ‐0.040* 0.48** ‐0.42 
GBP/USD   GBP session  ‐0.071** ‐0.066** 0.45** ‐0.12 
USD session  0.092** 0.126** 0.55** ‐0.08 
USD/CHF   CHF session  0.095** 0.108** 0.56** ‐0.08 
USD session  ‐0.088** ‐0.105** 0.48 ‐0.02 
AUD/USD   AUD session  ‐0.028** ‐0.038* 0.50 ‐0.51 















are  included.  However,  the  notable  exception  is  EUR/USD  where  the  significant  intraday  pattern 
combined  with  narrow  spreads  in  this  cross  means  that  this  basic  strategy  has  been  profitable  on 
average with Sharpe Ratios of 1.3 and 0.9 respectively for the morning short and afternoon long. This 
result is even more surprising when one considers that we have made no allowance for bank holidays or 
other  simple  adjustments  that  could  presumably  improve  returns





trading  day  effect  through  time  by  estimating  average  returns  over  the  European  and  US  trading 









































  Time period  Order flow Order flow 
 GARCH 
Share positive  Residual returns 
EUR/USD   EUR session  ‐2.190** ‐1.415** 0.457**  0.0098
USD session  2.284** 3.950** 0.522**  0.0004
USD/JPY   JPY session  0.374 0.222 0.505  0.0003
USD session  ‐0.278* ‐0.164 0.496  0.0003
EUR/JPY   EUR session  0.065 0.020 0.487*  ‐0.0006
JPY session  0.308** 0.450* 0.520**  0.0001
GBP/USD   GBP session  ‐0.264** ‐0.284** 0.483**  ‐0.0001
USD session  0.132** 0.213** 0.509*  0.0004
USD/CHF   CHF session  1.461** 1.500** 0.530**  ‐0.0002
USD session  0.329 1.254* 0.496  ‐0.0005
AUD/USD   AUD session  0.016 0.449* 0.502  ‐0.0002























































  EUR/USD  USD/JPY EUR/JPY GBP/USD USD/CHF  AUD/USD
European‐based  order flow  ‐0.85   ‐0.30  ‐0.04  ‐0.28    
US‐based order flow     0.01   ‐0.20* 0.03  ‐0.06    0.02 































  EUR/USD  USD/JPY  GBP/USD  USD/CHF  AUD/USD 
Average net purchases of US equity by foreigners 
(% of holdings, AR) 
6.0%  1.9%  14.3%  3.1%  2.1% 
Average net purchases of foreign equity by US (% 
of holdings, AR) 
0.1%  6.3%  4.2%  0.3%  3.4% 
Correlation of return in US time with US purchases  0.13
ψ  0.04  0.11  0.10  0.09 
Correlation of return in foreign time with foreign 
purchases 














approach  has  been  a  deliberately  simple  one,  our  results  have  wide‐ranging  implications.  First,  we 
provide  possibly  the  strongest  evidence  yet  of  the  importance  of  order  flow  in  driving  FX  returns 
through a mechanism not driven by asymmetric information. Thus our results give further support to 
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